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Abstract:

conservation.

1. Introduction

Globally, the building sector accounts for 30-40% of
energy consumption, this is equivalent to 2,500
Mtoe every year [1]. While buildings in

Europe account for 40-45% of energy use [2); in the
United Kingdom, existing buildings is responsible
for nearly half of present CO, emissions: 27% from
domestic and 22% of public and commercial
buildings (over 100million tons of C O, per annum).
About 40% of homes — about 8 Million — were built
before 1939; half of those were constructed prior 1o
1919 [3]. The concern for environmental impact of
buildings has giving rise to varieties of drivers and
increasing energy policies and reviews for
environmental sustainability of buildings in form of
policies, directives, regulations, guides and

incentives  for energy efficiency and carbon
reduction targets.

Early 2002, Energy Review produced noted the

essential  for improving energy  efficiency in
buildings with recommendations for

strategy or
action 1o deliv

er a phased transition to low energy
buildings through the development of the Building

Regulations [4]. The question regarding the creation

of an Energy White Paper on “Whar possible ways
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; cautif wres of the country s
Heritage buildings in the UK unguestionably constitute sn:u’ ,‘,!'r the; m‘l"‘l,:’::':,”:,’.:lf/;‘,j?[1 *m ‘:f very diffevet
cityscape. The challenge is that since most of lbfh‘ }‘mh..::;.\ s m' . ,-‘r s have beew made 10
age, they are often seen as hugely encrgy-incfficient. ..'!/.'r.uugn, mm.'uf -.\’ t ’( Y oo, flvie. fove Betve
improve their energy efficiency, however due to _!h(’ impulse to protect ’_".‘4 "-(m-:‘n wement in reuse of
achieved little or no success. This paper as part of a dn(,fi?h'.'f rescarch mlf' ¢ hf "\‘ ”;_ ” N;. in adaptive re-
public heritage buildings (PHBs); investigate .\'rra!q\'h..v adopted 5:’ improve t"’t:?\l" \.;”f“" o onducted
use of PHBs where energy use problem could potentiallv he addressed. An online
among heritage building stakeholders who reporte s inclined in thelr projects. 1o
sustainable reuse PHBs. Findings show that most re vntr:dznrs were less mn, m!u il i
implement energy efficiency strategies. Across the survey, few .r«'fpfhn.zcl'«'frf-',\ .“h.‘.‘ ,u: ,:’{:4"!:“;‘ t /,“,/‘/,,,,;\ s
better perceptions of the sustainable approach to achieving energy ¢f I(A 'Ic l.)(_\ :Il e
paper presented the recommendations as perceved by the stakcholders; (,””,( m.( '-_\ | ghii) o ..'.” S e
well-designed efforts to improve energy efficiency in reuse PHBs would require ene r_;:\ rmm.:-x; ‘ i e
incorporated into the daily operational practices. This could pay greater lrln‘ul('m § {uu ardy ul( lfl ing
environmental sustainability of heritage buildings with better outcomes in both heritage and energn

Keywords: aduaptive reuse, energy efficiency, energy management, public heritage butldings,

15 a failed opportunity 10 challenge the broader and

Bl e

. " ' e 1806 ‘.r
! therr perceptions of energy use reduction f

could encourage the owners of the existing stock of
dwellings and other types of buildings to improve
energy performance?” [5] was not addressed in the
Energy White Paper itsell. In response 1o
the UK Energy Review, Royal Institute of € ‘hartered
Surveyors [6] is of the opinion that “Energy review

more critical issues that concems sustainability in
buildings. This paper focuses on public heritage
buildings (e.g. industrial warchouse, churches

cte.)
in the United Kingdom originally built for a
different purpose and subsequently converted to

accommodate community uses.

2. Climate change and ada
buildings

ptation of existing
The climate change agenda

for changing the way in which the built cnvironment
is produced and managed leads 10 ipe
pressure for the existin
includes heritage buildin
that directly or indirec
However, heritage build
where compromises
maintaining the inte
adapting them 10 ¢l

as an important driver

reasing
g building stock. “This
£s 1o incorporate measures
tly reduce CO, emissions.
ings pose special problems
may be needed between
grity of the original structure and
imate change {7]. An instance is
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the part L of the building regulations whicl.l excludes
listed buildings and those in conservation areas.
Essentially,  achieving  holistic sus.tainablc
management of heritage buildings requires ' all
aspects of sustainable development to be taken into
consideration. Numerous researchers [8]-[11] have
posited that adaptation is an effective strategy for
improving the sustainability of existing buildings
along with its potential of giving extension of life to
a building. The authors argued that by reusing
existing buildings, lower energy consumption,
material, transport and pollution can be achieved
thus making a considerable contribution to
sustainability.

This study is part of a wider doctoral research into
energy management in reusc of PHBs; identified
adaptive re-use of existing buildings where energy
use problem in  buildings could potentially be
addressed. Among the adaptive reuse of existing
buildings are public buildings of heritage value
many some of which are undergoing conversion to
other uses. The aim of this paper is to identify
strategic and sustainable approaches for reuse of
PHBs to achieve energy efficiency and the needed
reduction in their carbon footprint without
undermining their historical value.

3. Research method

3.1 Stakeholder’s online perception su rvey (OPS)
Survey method was considered appropriate for this
study due to the size of the population which covered
the entire country and as a way to obtain standard and
stable collection of data from a specific population
[12]. The target respondents of the survey involved a
sample of [21 practicing professionals and 90

Table 1: Distribution of Study Participants,

-l ¥
-

policymakers from heritage building se 1. focusin, |
on architects, conservation officers, Mineeps
energy consultants, planning and developmey
control officers, and surveyors. The F"’i‘\'.\Tnakc;s
include: conservation officers, planning and
development control officers, regulatory bogieg
officers. The respondents were selected randomy
across United Kingdom. )

Respondents were asked to complete the sectiong
that correspond to their role in the survey. Fo,
questions relating directly 0 projects
implementation, respondents were asked (o compleqe
the full questionnaire; for the policymakers some
questions can be left unanswered. The questionnaire
contained 19 questions grouped into four sectiong
namely: professional values and priorities for
conversion  projects:  energy  efficiency for
sustainable conversion of PHB projects; perceived
barriers to energy efficiency improvements to
conversion projects; current practice and strategies
adopted for successful energy efficiency.

The invitation to complete the survey was sent lo
738 stakeholders. In total, 211 completed the survey
online representing a response rate of 29 percent.
Table 1 shows a breakdown of the respondents and
the number of projects completed. The response rate
is better than many previous studies [13] = [14] that
have used survey method. The use of a questionnaire
was identified as the most suitable instrument
through which the respondents could be easily
reached in the most economical [15] efficient and
popular method to collect the required information.

professional role and number of projects

Practicing Polic Total i
Location Professionals makezs No. of projects
England 109 72 181 2785
Scotland 10 13 23 348
Northern Ireland | 0 1 3
Wales 1 5 6 100
Total 12] 90 211 3236

57% 43% 100%

A structured questionnaire to determine reliably the
stakeholders’ perceptions was developed by the
researcher incorporating 28 factors obtained from
the review of relevant literature relating to energy
use in PHBs. The questionnaire was first
administered to a group of 35 professionals in
heritage industry who were not included in the

hutp:/ /www . casestudiesiournal.com

sample used for the study to obtain reliability of the
instrument before it was finally administered online
between May and July 2013 using SurveyMonkey
platform. Reliability analysis was conducted to test

the internal consistency and the scores on
Cronbach’s Alpha test for response indicated a score

Page 22

Scanned with CamScanner



mpact Factor 3.582

0.7 which exceed the accepted value for alpha at
e least of 0.60 for new scales [16].

1, Analysis and Results

The analysis of th_e questionnaire used a combination
of nonparametric techniques and  descriptive
qatistics to determine the relative importance of
qstainable strategies adoptive by the respondents
using SPSS 20.0. Nonparametric statistics such as
Spearman’s p suits data with nominal, ordinal and
interval or ratio scale of measurement [17]. To
establish the sustainable approach for energy use
reduction in reuse of PHBs and indicators of
successful reuse projects, respondents were asked to
rate on a five-point scale (1 - ‘lowest’ to 5 - highest)
their recommendation for most sustainable option(s)
for energy efficiency in conversion projects. Relative
significance index (RSI) was computed based on a
formula adopted from [18]. RSI is recognised as an
excellent approach to aggregating and converting the
scores of the variables rated on an ordinal scale
making them easy to rank and preferred over other

Case Studies Journal 1SSN (2305-509X) - Volume 4, Issue 3 - March-2015
R Fa SRR T T L R LI Cy -

descriptive statistics such as MS or standard
deviations as they present more reliable overall
ranking.

Z w

AN

Where w is the weighting given to cach factor by the
respondents, ranging from 1 to 5:

A is the highest weight (i.e. 5 in the study);

N is the total number of respondents.

Relative significance index =

RSI values of the strategics adopted were obtained
and compared using Spearman Rank Order
correlation. The results are presented in Tables 2, 3,
and 4. It can be seen from the result obtained from
Table 2 that the most popularly identified strategy
for energy efficiency for reuse of PHBs is “Building
services upgrade” with the highest RSI value of
0.785 while the respondents ranked the least
“Consideration and application of renewable
technologies™ with the smallest value of RSI (0.560).

Table 2: Ranking of strategies for energy efficiency in reuse of PHBs

in Table 3.

| 2 3 4 5 NR RSI Rank

- . - . T -
Lpgrad.mg and improvement to building fabric to ” 20 35 40 28 56  0.627 4
reduce its U-value

Building services upgrade 4 8 32 63 48 56 0.785 1
Consideration and application of renewable 2] 41 S1 32 10 56 0.560 5
technologies N
Incorporation of building energy management 1 71 50 50 21 58 0.664 3
system

Users behaviour change 4 1136 51 48 61 0.771 2
NR - Not Rated

A similar treatment was extended to indicators of successful conversion projects and the result is presented

Table 3: Ranking of indicators of successful conversion projects as perceived by respondents

http://vavw.casestudiesiournal com

_ 1 2 3 4 5 NR RSl Rank
erform the functions well for which they are redesigned
and/or converted I 5 28 57 66 54 0832 2
Respond well 1o their surroundings and enhance their
St g 4 6 271 66 54 5S4 0804 3
Improved energy performance and carbon emissions
reduc“on aﬁcr Con\’crsion 6 23 50 54 21 57 0.679 6
CoF\'ersioxx is reversible and the building can be reinstated
to its former use, 23 44 44 35 56 0.694 5
Dcsigr_l interventions are sympathetic with the character of
the building 3 15 48 86 S8 0881 1
Improve users comfort 6 ‘
1
NR — Not Rated 3 53 54 21 64 0697 4
It can be seen from the Table 3 that the mos : : :
) ; o § L conversion proje 15 “Desi i 3
popularly identified indicator of = successful projects 15 "Design interventions are

sympathetic with the character of the building” with -
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Pandings fiom Vable 4 shows that the obsenved
correlasivoy detween sustanable opions for enen
use maducton amd andicatoas of successtul rease
prorevts shows maderate refanonshp, however, s
not stgnficant W support sound decision making as
the pvalue (0391 was greater than Q03 The
Godings obtanad from Table 2 and Table ¥ was
combinad to determine the respondents’ priorities in
thar approach o addressing energy use raduction

Table 8 present the combined findings of the overa)
R8I and  the corresponding ranking  of curmrent
practice strategies. 1t can be seen that the wop ranks
are design intenventions  (ranked 1Y), funchiona!
performance (ranked 2™, and the project responding
t their surrounding context (ranked 3™). 1t could be
scen that the importance given 0 environmental
sustamability (i.e. ‘improved energy performance’
and ‘building energy management system') ©

amd then pereeption of indicators of successtul reuse practice is low  in ranking (ie. 7th and Ot
of PHBs. respectively).
Table 3. Combmad ranking of current practice strategies
Quirent priactice strafepies Mean sD RN] - Rank
Desinmtenventions are ssmpathene with the character of the bmlding 4408 0798 T7% 1

Perfonn the funcnions well for which they are redesigned andor 4,150 0873 789, 2
converted

Respond well 1o their surroundings and enhance their context 4010 0035 740, 3
Building senvices upgrade RIGARS 0977 2% 4
Users behaviour change 38583 1030 710, S
Improve users comfort _ 3483 0,982 7% 6
Improved energy performance and catbon cnussions reduction aller 3,30 1025 aa9, 3
conversion

Conversion is reversible and the building can be reinstated to its former 3471 1164 630, v
Use,

Incorporation of building energy management systemn 1.320 1008 &4e, 0
Upgrading and improvement to butlding fabne to reduce its U-value RN RN 1324 308, 10
Consideration and application of renewable technologies 2800 L1113 sav, 11

To determine the most sustainable approach to
achieving energy efficiency in PHB projects, the
respondents were asked 1o suggest and recommend
in the survey, strategies they adopted that have
achieved success (o a significant extent in improving
energy efficiency in their past project. '[’uhlc 6
presents the stukeholders  proposed strategles and
recommendations for sustainable reuse of I‘li.lis
projects and their ranking acconding to their relative

importance quantified by the RS1 method. It can be
seen from Table 6 that the most prevalent strategy ©
achieve energy  efficiency in PHBs is  enersy
management (ranked 1), This is closely followad by
smart metering (ranked 2™), operational energy
management awareness and policy (ranked 37
renewable installations  (ranked 4®) and other
inpovative steategies and building services up);mik‘
both tied on 3™ rank. The result further shows that

M

hutpsSsoviscasestudicsiournal.oem
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respondents  recommended  “improvements 1o
puilding fabric to reduce U-value” (ranked 9™ as

ol al ISSN (2305-509X) - Volume 4, Issue 3 - March-2015
P e R A B A T AR B R N A BN et oo 8T e

sccondary when  considering energy  cfficiency
improvements.

Table 6: Ranking of strategies / recommendations for long-term sustainability

The main focus of this study was to identify and
establish the most sustainable strategies for
achieving energy efficiency in reuse of PHB
projects. Findings reveal the existence of the gap
between what the respondents perceived as
important in theory and what they adopt in practice.
Results reveal that the respondents were overly
focused on design interventions than improving
energy efficiency of the projects. This partly might
be due to much caution resulting from compliance
with conservation policies and possibly because
energy efficiency improvements are mostly seen as a
barrier 1o the protection of the delicate fabric of
heritage buildings. Thus, when it comes to heritage
building projects, environmental sustainability are

regarded as out-of-budget costs and, therefore, less
considered.

Whilst prominence is given to building services
upgrade and improvements to reducing building
fabric U-value with no significant energy efficiency
improvements from these strategies; energy use
reduction could be achijeved without any upfront
costs if curtailment through energy management is
incorporated into the daily operational practices.
Surprisingly, findings show that those who have
achieved moderate 19 significant improvements in
energy efficiency were those who implemented
energy management strategies. This view is in line
with those of [19] who cxpressed that increasing

hitp://www casest udiesiournal.com

“Code Strategies /recommendations o, of total  RSI Rank
— TCSponscs
Q183 Energy management system 29.9% 62% 1
Q18_5 Smart metering 17.1%  60% 2
Q18_7 Operational energy management policy & awarencss 32.2% 59% 3
Q18_6 Renewable installations (e.g. solar, geothermal, biomass) 36.0% 58% 4
Q6_6  Other innovative suggestions 10.4% 56% 5
Q18_2 Building services upgrade 55.5% 56% 5
Q6_3 A framework disseminating effective strategies for conversion projects ~ 33.2%  54% 7
QI8 4 Smart lighting control 35.5% 54% 7
Q18_1 Improvements to building fabric to reduce U-value 54.0% 53% 9
Q6 2  Award schemes to promote and encourage best practice 42.7% 51% 10
Q6 1|  Flexibility to building regulation requirements 50.2% 51% 10
Q6_5  Sustainability scheme for heritage buildings 41.2% 50% 12
Q6 4 Local authority supplementary guidance 32.7% 48% 13
Q1§_S Others (careful attention to air leakage; draughtproofing of windows, 6.6% 48% 13
passive design features, secondary glazing, voltage reduction, etc.)
5. Discussion energy efficiency through curtailing operations that

consume energy could be the inexpensive options
for reducing CO, emissions.

Respondents were also poorly attuned 1o
understanding and employing the most effective and
result oriented strategies for reducing energy
consumption. As it was observed that these
strategies have only been implemented by few of the
respondents. Possibly, the consistent absence of
priority for environmental sustainability for PHB
projects in practice could partly explain the reasons
for their poor energy performance. These
observations are reinforced by the findings of this
study indicating that some of the respondents may
have been better informed than others as only a very
small percentage (29.9%) have achieved significant
results. However, having the knowledge and the
relative importance of these strategies would allow
stakeholders to make more informed decisions
regarding energy efficiency.

6. Conclusions '

This study identified the top influencing factors
affecting energy efficiency in reuse of PHBs.
Currently in practice, the leading emphasis and
driver is “design interventions”, “functional
performance” and “project responding to their
surrounding context”. This study suggests that such
approaches fail to recognise the key strategies to
achieving environmental sustainability in reuse of
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PHB projects and that better outcomes could result
in both heritage and energy conservation. through
energy management incorporated into the daily
operational practices. From this perspective, the
locus of intervention in reuse of PHBs would need
to shift and be redirected from the top-down
approach in current practice to strategies that
facilitate, balance and accommodate both heritage
and energy conservation.

In conclusion, greater attention needs to be given to
understanding and managing the pattern of energy
use in the building operational phase. This would
need to be balanced with more coherent and
strategies needed for sustainable reuse of PHBs to
meet up with the challenges emanating from the
climate change issue. In addition,  better
understanding of past energy performance of the
buildings could inform the decision process by
which such buildings are converted and modified to
meet up with current modern energy standards. The
key to achieving energy efficiency in reuse of PHBs
may to a large extent, depend on facilitating these
processes and making environmental sustainability
to be at the core of heritage projects and as part of
their long-term management.

References

[1] IEA (International Energy Agency), “Key world
energy statistics” 2005.

[2] UNEP, “Buildings and Climate Change Status,
Challenges, and  Opportunities”. UNEP

* publications, 2007.

[3) English Heritage, “Energy Efficiency and

i Historic Buildings: Application of Part L of the

Building Regulations to historic and
traditionally constructed buildings. London,
2011.

(4] PIU, *Energy Policy’, Performance and Innovation

Unit, Cabinet Office, February 14th, 2002. [Online]

Available: www cabinet-office.gov.uk/innovation.

[Accessed: Mar. 25, 2015].

DTI (Department of Trade and Industry),

“Energy White Paper Our Energy Future ~

Creating a Low Carbon Economy” Department

of Trade and Industry. London, 2003.

[6] RICS (Royal Institute of Chartered Surveyors),
“RICS response to UK Energy Review”, Royal
Institute of Chartered Surveyors, 2006.

{71 A. Connelly, Adapting office buildings for climate
change — a literature review. EcoCities project,
University of Manchester, Manchester, UK, 2011.

18]

bip /7 www.casestudiesiournal.com

Impact Factor 3.582 Case Studies Journal ISSN (2305-509X) - V

olume 4, Issue u_A _

[8] J. Douglas. Building Adaptation. Butierionp
Heinemann. Oxford. 2002.
(9] J. Gregory, “New South Wales deparm';;:: of
housing rehabilitation”, New Ways for Older
Housing. 2004. [Online] Available ar
www, housing.nsw.gov.au rehab.htm
[10) H. Remoy. T. Van der Voordl. "A new life -
conversion of vacant office buildings into
housing." Facilities 25(3/4): 88-103, 2007.
K. Velthius, D. Spennemann “The future of
Defunct Religious Buildings: Ditch Approaches to
Their Adaptive Reuse”, Cultural Trends. Vol.16
(1):43-66, 2007.
C. Robson, Real world research: A resource
for social scientists and practitioner -
researchers. Oxford: Blackwell Publishing,
2002.
G. Ofon, G. Chan, “ISO 9000 Certification of
Singapore construction enterprises: its costs and
benefits and its role in the development of the
industry”.  Engineering.  Construction  and
Architectural Management, 8 (2): 145-157, 2001.
(14] C. Black, A. Akintoye, E. Fitzgerald, ““An analysis
of success factors and benefits of partnering in
construction”, International Joumnal of Project
Management, 18, 423434, 2000.
[15] S. Sarantakos, Social Research, Palgrave. New
York, 1988.
J.C. Nunnally, Psychometric Theory, McGraw-
Hill, New York, NY, 1978.
K.C. Mittag, “Scale-free nonparametric factor
analysis: a user-friendly introduction with concrete
heuristic examples™, paper presented at the Annual
Meeting of the Southwest Educational Research
Association, Austin, TX, January 28-30, 1993.
E.A. Chinyio, P.O. Olomolaiye, P. Corbett,
“Quantification of Construction Clients' Needs
through  Paired Comparisons”. Joumal of
Management in Engineering. Volume 14, Issue 1,
pp- 87-92, 1998b,.
S. Pacala, R. Socolow, “Stabilization wedges:
Solving the climate problem for the next 50
years with current technologies”, Science
305:968-972, 2004.

[11]

(16]

[17)
[18]

(19]

R ;(

acrie
A AR

Page 26

Scanned with CamScanner

=TSy Ay ees



